). In terms of operation, the squirrel cage induction machine can be relatively seen as a short-circuited rotating transformer, having much similarity in their steady state equivalent circuits. In the course of developing this paper, the equivalent circuit of the squirrel cage induction machine, from which its steady-state characteristics via simulation/matlab plots could be predicted, is obtained using the magnetically coupling effect of transformer elements.
I. Introduction
Where a 3-phase supply is available, 3-phase motors are preferred to 1-phase motor in all but the smallest size. The 3 -phase squirrel cage induction motor is more efficient, has a high power factor, better starting properties and are cheaper than the corresponding 1 -phase motor of same size and rating. Supply authorities require 3 phase motors to be used where possible, to prevent unbalanced loads on the mains.
In a 3 -phase squirrel cage induction machine (motor), the magnetic field rotates, and this has the advantage that no external electrical connections to the rotor need be made. Its name is derived from the fact that the current in the rotor is induced by transformer action. That is to say that the current in the rotor is induced by the magnetic field instead of being supplied through electric connection to the supply (John bird (2010)). Hence, the squirrel cage induction motor is also known as rotating transformer. That is, when an e.m.f is supplied to its stator, then as a result of electromagnetic induction, a voltage is induced in its rotor by mutual flux. So an induction motor is termed a transformer, with rotating secondary. Here, primary of transformer resembles stator winding of an induction motor, while the secondary resembles the rotor (Electrical 4 u.com). In its strict analytical configuration, the squirrel cage induction machine shares a related similarity with a transformer, especially in their equivalent circuit representations.
II. Production of a rotating magnetic field
The stator of the motor consists of overlapping winding offset by an electrical angle of 120 0 . When a 3 -phase supply is connected to the stator windings, a rotating magnetic field of constant amplitude in the air-gap which rotates at the synchronous speed is produced. There is relative velocity between the constant amplitude rotating field and the stationary stator winding (Smarajit Ghosh (2017)). So an emf is induced in the stator winding. The magnitude of this induced e.m.f in any one phase is given by; Eph = 4.44 f K w N s ph volts … 1 Where, f = rotational frequency of the supply voltage K w = winding factor, N s ph = the stator series turns/phase, = flux per pole. Additionally, in an induction machine (motor), the rotating magnetic field in the air gap rotates at a synchronous speed (N s ) given by; 
III.
Model of a 3 -phase squirrel cage induction machine (motor).
The development of the model for the 3-phase squirrel cage induction machine was done, using the dot convention technique for magnetically coupled circuit. We will begin with the concept of mutual inductance and tactically introduce the dot convention used for determining the voltage polarities of inductively coupled components. Based on the notion of mutual inductance, the circuit element known as transformer is introduced, from which the idea of the induction machine at stand-still being a static transformer with its secondary winding short-circuited comes into play.
IV.
Derivation of 3-phase squirrel cage induction machine steady-state equivalent circuit. 
V. Power across air-gap, output power and electromechanical torque
With reference to the equivalent circuit of fig 7, the power crossing the terminals of the shunt mutual inductance (M) is the electrical power input per phase minus the stator losses (stator copper and iron loss). It is the power that is transferred from the stator to the rotor through the air-gap magnetic field. This is known as the power across the air gap. Its 3 -phase value (P g ) is given as; P g = 3(I r 2 ) Watts …17 Similarly, Rotor copper loss P cr = 3I r 2 R r Watts … 18 From equations 17 and 18 P g =  P cr = s P g Watts …19
The mechanical output (gross) power (P m ) of the motor is obtained by subtracting equation 19 from 17 as below; P m = P g -P cr = 3(I r ) 2 -3(I r ) 2 R r = 3(I r ) 2 (1-s)
Similarly, the electromagnetic torque (T e ) developed by the motor is given by;
T e = = More still, the mechanical net power or shaft power (P sh ) = P m -Mechanical losses (friction and windage losses)  Output or shaft torque (T sh ) of the motor is given by;
Equation 21 is an interesting and significant result according to which torque is obtained from the power across the air gap by dividing it with synchronous speed ( ) in rad/s, as if this power was transferred at synchronous speed. . This is termed the motoring region of the machine operation. In this mode of operation, the rotor rotates in the same direction of operating magnetic field produced by the stator currents, the speed is between zero and synchronous speed, and the corresponding slip is between 1.0 and 0 (Eleanya (2015) ). The speed of the rotor (N r ) is less than the synchronous speed (N s ).
VI Torque-slip characteristics

VI.
Efficiency ξ of the squirrel cage induction motor.
The resistance of a squirrel cage induction motor is fixed, and less compared to its reactance. There is no provision for addition of external resistance. Hence, it is affected by low starting torque with a compensated high efficiency. The efficiency of the machine is given by; ξ = …29
Neglecting losses, and using derived equations of fig 8/9, we have; ξ%= 
VII. Discussion of Results/Conclusion
The equivalent circuit of a three phase squirrel cage induction motor, using the dot convention technique for magnetically coupled circuit has been presented. From the plot of fig 10, at low slip (near synchronous speed), the torque is linear and is directly proportional to slip. Conversely, at large values of slip, the torque is approximately inversely proportional to slip. At synchronous speed (s = 0 ), current and hence torque decayed to zero. At stand still condition (s = 1) of the motor, the rotor speed is zero and the torque produced proportional to slip, within the range of 0 < s < 0.25. This is the attribute of its low magnetizing current and the corresponding high power factor.
